In this work, an experimental approach was used for measuring birefringence of thermotropic liquid crystal materials at different wavelengths in the visible region by using speckle interferometry. Also the values of the refractive indices were measured for these thermotropic liquid crystal materials in isotropic and liquid crystal phases at different wavelengths. Temperature dependency of the refractive indices for each LC sample at certain wavelengths was investigated in the isotropic and in LC phases.
Introduction
Substances that aren't as ordered as an ordered solid, but have some degree of alignment are properly called liquid crystals. The tendency of the liquid crystal molecules to point along the director leads to a condition known as anisotropy [1] .
The birefringence of a liquid single crystal elastomer swollen with a low molecular weight liquid crystal was experimentally measured by polarizing microscopy as a function of temperature [2] . Another work describing a convenient and accurate technique for measuring the optical path difference induced by a birefringent crystal was given by electro-optic modulation [3] . Birefringence measurements at the wavelength 632.8 nm for some common nematic liquid crystal cells were studied [4] .
New guidelines for selecting or synthesizing the liquid crystals with the desired birefringence were established [5] . The birefringence of the liquid crystal as a function of the temperature was measured with and without electric field. It was shown that the birefringence decreases with increase of temperature [6] .
The tilt angle distribution of a nematic liquid crystal mixture doped with two anthraquinone derivatives having different molecular shapes was measured as a function of an external alternating applied voltage [7] .
A scanning conoscopic method was used to measure the temperature dependence of the two indices n e , n o and of the optical activity for uniaxial liquid crystals [8] . A theoretical and experimental approach for measuring birefringence of anisotropic materials was described [9] .
Each liquid crystal (LC) material has its own specific combination of structural moieties, which identify certain phase morphology, particular values of melting points and transition temperatures. Furthermore, the combination of structural moieties determines the physical properties of materials which are very important when they are considered for specific applications.
Five thermotropic LCs compounds locally prepared were investigated in this article. The structure of thermotropic liquid crystal materials used is 4-substituted phenyl-4-alkoxy benzoates [10] which have the following structure:
where n is an integer number, and X is the extension group which is varies from the electron-donating CH 3 O and the electron-withdrawing NO 2 , as shown in Table 1 . Table 1 , shows the transition temperatures (˚C) for the used materials, where the symbols C-A, C-N, C-I, A-N, A-I, and N-I means the transitions from, solid crystal to semictic "A", solid crystal to nematic, solid crystal to isotropic, semictic "A" to nematic, semictic "A" to isotropic and nematic to isotropic respectively. Speckle interferometry technique was used to measure birefringence of the LCs. The optical setup used is shown in Figure 6 . The samples were put into an electric oven for measuring birefringence at a certain temperature. The interference pattern for both ordinary and extraordinary components were magnified by q p , where p is the distance from the lens to the object reduced by the term t (1 -n), and q is the distance from the lens to the image; t is the thickness of the liquid crystal whose refractive index is n. The photographs were taken on heating and cooling cycles. Interference Young fringes from the specklegram for sample "I 8 a " at laser source of wave-length 632.8 nm is shown in Plate 1.
Measurements of
The values of refractive indices of the thermotropic LC materials were determined also by using the spectrophotometer device (The Lambda 3 Double-Beam UVvisible spectrophotometer) which is available in 190 to 750 nm or 190 to 900 nm wavelength ranges and accept a full complement of accessories. This device was modified for heating the sample by using controlled electric oven. The value of refractive index was determined by measuring the reflectance values of material [11] . A slight difference in the accuracy of the values of refractive indices was noticed between ≈0.001 to ≈0.01, when comparing results between values measured by the Abbe refractometer and the spectrophotometric technique.
The relationship of the shift "D" between ordinary, extraordinary images and the spacing of the Young fringes "" is given by [12] : where, f is the focal length of the Fourier transform lens used for the observation of Young's fringes from the specklegram. In order to calculate birefringence n of liquid crystal, the following equation was used [13] : n . n sin2
where n is the refractive index of the LC; t is the thickness of the sample and θ is the angle between the optic axis and the normal to the surface of the sample. The angle θ was determined using the conoscopic measurement system.
Conoscopic Measurement
A layer of the LC material is sandwiched between two glass plates in order to produce a tilted parallel homogeneous orientation. Hence the resulting structure behaves like the optically uniaxial crystal, and the problem was simply to determine the angle of the optic axis to the glass panels. By examining the specimen with a polarizing microscope in convergent light between crossed polarizers, the information concerning the orientation of the optic axis of the crystal was obtained [14, 15] . Table 2 shows the measured data for LCs used where birefringence was calculated with laser sources of wavelengths, 632.8 nm, 543.5 nm, 514.5 nm, and 488 nm, and the thickness of each sample was 150 m.
The dispersion curves for birefringence in the visible region are shown in Figure 7 . This figure shows that the values of birefringence were increased by increasing the number of carbon atoms in the terminal alkoxy chain, i.e. increase of molecular length. Also the birefringence of LCs I 8 a and I 6 a , which bear the terminal (OCH 3 ) group, are greater than for I 8 e and I 6 e , which were ended by the (NO 2 ) group. These figures show that ∆n is inversely proportional to λ which is in opposition with the direct relation given by Equation (2), so that the thermotropic LCs used have negative birefringence.
Temperature dependency of the refractive indices for each LC sample at certain wavelengths was obtained in the isotropic and in LC phases as shown in Figures 8-12 . These relations showed inverse proportionally between the refractive indices and wavelengths, in isotropic region and direct proportionally in LC region.
To explain this behavior, the molecules of LC materials ( Figure 13 , shows a director of molecule) in close contact with the glass plates are oriented parallel to the plate and at the same time the inner molecules are oriented approximately parallel to them. The incident beam is perpendicular to the molecule director as in Figure  14(a) . With increasing the temperature the mobility of the molecules increases and their orientations change as in Figure 14(b) and the optical path of the light inside the molecule increases. By further increase of temperature the molecules will be oriented parallel to the incident beam and then we get a maximum optical path inside the molecules as in Figure 14(c) . As a result of this long path the speed of light beam decreases, hence the value of refractive index increases, which interpret why refractive index increases with increasing temperature in LC phase.
The phenomenon of the change in refractive indices with temperatures for these liquid crystal materials makes it possible to be used as a thermometer in this Table 2 . The values of birefringence n at different wavelengths for different thermotropic liquid crystal materials used. region of temperature and displays the temperature of its environment by the reflected color. It is also can be used to create sensors with a wide variety of responses to the temperature change.
gence and different wavelengths in the visible spectrum were determined. The relation between refractive index and temperature at different wavelengths for thermotropic LCs used was studied and interpreted by considering that the kinetic energy of the molecules increases and their orientations change with increase of temperature, and due to this change the optical path of the light inside the molecule increases.
When the solid material is solidified at room temperature (23˚C), it has a white color with different phases of aggregations. When the samples of I 6 a , I 6 e , I 8 a , I 8 e and I 14 e are placed polarizing microscope, Plates 2 and 3 were observed. The bright and dark areas are the resultant intensity distribution of the samples due to interference of polarized light. Different colors which are viewed between crossed polarizers correspond also to different twist states. The values of refractive indices and birefringence for the thermotropic liquid crystal materials used were obtained with an acceptable degree of accuracy. The values of birefringence where found to increase by increasing the number of carbon atoms in terminal alkoxy group. Also the birefringence of samples ended by the (OCH 3 ) group, were found to be greater than for those ended by the (NO 2 ) group. The dispersion relation between birefrin-
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